Background Because standard chemotherapy for advanced gastric cancer consists of oral fluoropyrimidines plus platinum as first-line therapy, with paclitaxel plus ramucirumab as the second line, irinotecan is usually positioned as third-line chemotherapy in clinical practice in Japan. Methods A retrospective evaluation was conducted to determine the efficacy and safety of irinotecan as third-line chemotherapy for advanced gastric cancer in patients refractory or intolerant to fluoropyrimidines, platinum, and taxanes. Results Between February 2008 and December 2013, 52 patients received third-line irinotecan monotherapy. Among the 32 patients with measurable lesions, 1 patient achieved a confirmed partial response and 6 patients had stable disease. The overall response rate was 3% and the disease control rate was 22%. Median progression-free survival was 2.3 months [95% confidence interval (CI), 1.8-2.8] and median overall survival was 4.0 months (95% CI, 2.6-5.3). The most common adverse events of grade 3 severity or higher were neutropenia (27%), febrile neutropenia (12%), anorexia (12%), and diarrhea (6%). Although no treatment-related deaths occurred, 2 patients (4%) died of disease progression within 30 days after the last administration of irinotecan.
Introduction
Gastric cancer is a major cause of cancer-related deaths worldwide, and it remains the second leading cause of cancer-related deaths in Japan [1] . Although the mortality rate has been declining through early detection and curative surgery, patients are often diagnosed at an unresectable stage of disease. Furthermore, between 40% and 60% of patients experience a relapse, even after curative resection [2, 3] . Standard palliative treatment for patients with advanced gastric cancer is chemotherapy, which improves survival and quality of life compared with best supportive care alone. Many randomized controlled trials have demonstrated the survival benefits of first-line treatment consisting of a fluoropyrimidine plus platinum with or without epirubicin or docetaxel, which is the standard first-line chemotherapy for advanced gastric cancer worldwide [4] [5] [6] [7] [8] [9] .
Recent phase III trials showed that second-line chemotherapy with irinotecan or docetaxel produced significant and clinically meaningful improvements in overall survival (OS), relative to best supportive care in patients with advanced gastric cancer [10, 11] . Weekly paclitaxel is also considered to be an option for second-line chemotherapy, with response rates (RR) of 13-20%, median OS of 5-9 months, and modest toxicity [12] [13] [14] [15] [16] . In the WJOG4007 trial that compared paclitaxel with irinotecan as second-line treatment for patients with advanced gastric cancer refractory to fluoropyrimidines plus platinum, OS did not differ between the two treatment arms [15] . However, from the perspective of toxicity, paclitaxel is generally preferred to irinotecan as secondline treatment. Weekly paclitaxel is widely used in clinical practice in Japan as well as in the control arm of global clinical trials of second-line chemotherapy. Furthermore, in the RAINBOW trial, which compared ramucirumab plus paclitaxel with placebo plus paclitaxel as second-line treatment for advanced gastric cancer refractory to fluoropyrimidines plus platinum (with or without an anthracycline), the combination of ramucirumab with paclitaxel significantly improved OS compared with placebo plus paclitaxel. This regimen has been adopted as the new standard second-line treatment for patients with advanced gastric cancer [16] .
The median OS of patients treated with weekly paclitaxel and irinotecan in the WJOG4007 trial was more than 9 months, which is longer than that of other phase III trials outside Japan. Because 75% and 60% of patients in the paclitaxel and irinotecan arms, respectively, received postprotocol cross-over chemotherapy, the prolonged OS in this trial was primarily attributed to the high proportion of patients who underwent subsequent chemotherapy. Similarly, in the RAINBOW trial, irinotecan was commonly used as third-line chemotherapy. In the RAINBOW trial, Asian patients received third-line chemotherapy more frequently and had longer OS compared with non-Asian patients. Moreover, each of four types of chemotherapyfluoropyrimidines, platinum, taxanes, and irinotecanwere independently associated with longer OS in patients with advanced gastric cancer [17] . Thus, the use of irinotecan as third-line chemotherapy has become common practice in Japan after the failure of fluoropyrimidines, platinum, and taxanes. However, there have been few reports on the efficacy and toxicity of irinotecan in a thirdline setting.
The aim of this study was to evaluate the efficacy and safety of irinotecan as third-line chemotherapy in advanced gastric cancer patients refractory or intolerant to fluoropyrimidines plus platinum and second-line taxanes.
Patients and methods

Patients
This retrospective study enrolled 52 patients with advanced gastric cancer who received irinotecan as third-line chemotherapy between February 2008 and December 2013 at the National Cancer Center Hospital, Tokyo. Selection criteria were as follows: histologically confirmed gastric adenocarcinoma with distant metastases or recurrent disease; failure of first-line chemotherapy with an oral fluoropyrimidine (S-1 or capecitabine) plus platinum (cisplatin or oxaliplatin), and second-line chemotherapy with a taxane (paclitaxel or docetaxel); no prior use of irinotecan; an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0-2; adequate organ function; no other type of cancer; and no serious clinical complications. This retrospective study was conducted under an approval by the institutional review board according to the Japanese ethical guidelines for epidemiological research.
Treatment methods
Irinotecan (150 mg/m 2 ) was administered as a 90-min intravenous infusion every 2 weeks until disease progression, unacceptable toxicity, or the patient's refusal occurred. Dose reductions of irinotecan, including the initial dose, and treatment delays were decided at each physician's discretion according to the patient's general condition, organ function, and the severity of hematological and nonhematological toxicities. In general, dose reduction and treatment delays were implemented in the case of grade 4 neutropenia, grade 3 or higher febrile neutropenia, and unacceptable grade 2 or higher diarrhea, nausea, or anorexia.
Evaluation and statistical analysis
Tumor responses were evaluated according to Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1 [18] . Toxicity was assessed using the Common Terminology Criteria for Adverse Events (CTCAE), version 4.0. Progression-free survival (PFS) was defined as the time from the first day of treatment until the time of disease progression or death from any cause. PFS was censored at the date of the last visit for those patients who were alive without documented disease progression. OS was defined as time from the initiation of treatment to the date of death or censor at the last follow-up visit. For patient characteristics, disease response, and adverse events, summary statistics were constructed using frequencies and proportions for categorical data and medians and ranges for continuous variables. Survival curves were drawn by the Kaplan-Meier method. Confidence intervals (CI) for median PFS and OS were calculated with the Greenwood formula [19] . The Cox regression model was used to assess the prognostic factors for OS. P values \0.05 by the twotailed test were considered to denote significance. IBM SPSS Statistics version 20.0 (SPSS, Chicago, IL, USA) was used for all statistical analyses.
Results
Patient characteristics
Patient characteristics are shown in Table 1 . The median age was 65 years (range, 41-78 years), and the majority of patients were male (79%). About half the patients were histologically diagnosed with diffuse-type adenocarcinoma (48%). First-line chemotherapy was S-1 plus cisplatin for 44 patients (85%), S-1 plus oxaliplatin for 5 (10%), and capecitabine plus cisplatin for 3 (6%). Second-line chemotherapy was paclitaxel for 50 patients (96%) and docetaxel for 2 (4%). Overall RRs and disease control rates (DCR) were 43% and 80%, respectively, in first-line chemotherapy with a fluoropyrimidine plus platinum, and 9% and 59%, respectively, in second-line chemotherapy with a taxane. The median PFS was 7.6 months (95% CI, 5.7-9.5) during first-line chemotherapy and 3.2 months (95% CI, 2.2-4.2) during second-line chemotherapy. Ten patients (19%) had an ECOG PS of 2. Metastatic sites were lymph nodes (69%), peritoneum (58%), and liver (46%); 32 patients (62%) had measurable lesions, whereas the other 20 patients had only nonmeasurable lesions such as peritoneal dissemination and bone metastases. The median serum albumin level was 3.5 mg/dl (range, 2.4-4.3), and the median duration from first-to third-line chemotherapy was 12.9 months (range, 3.4-34.6).
Treatment exposure
Irinotecan was administered for a median of 3 doses (range, 1-25). The initial dose of irinotecan was reduced for 25 (48%) patients for reasons including moderate peritoneal carcinomatosis without ileus and/or massive ascites in 14 patients, ECOG PS of 2 in 4 patients, and other reasons such as advanced age in 7 patients. Among 27 patients who received the planned initial dose of irinotecan, dose reductions were required in 7 patients during the treatment course. Reasons for the dose reduction in these 7 patients were grade 4 neutropenia (n = 1), grade 3 neutropenia (n = 1), grade 3 diarrhea (n = 1), grade 2 diarrhea (n = 1), grade 3 anorexia (n = 1), grade 2 anorexia (n = 3), and grade 3 febrile neutropenia (n = 2). The median relative dose intensity of irinotecan for all patients was 58 mg/m 2 /week, corresponding to 77% of the planned initial dose of 75 mg/m 2 /week.
Reasons for treatment discontinuation
Treatment discontinuation resulted from disease progression in 47 patients (90%), unacceptable toxicity in 4 patients, and refusal of further treatment by 1 patient. Among the 4 patients with unacceptable toxicity, 2 had grade 3 anorexia, 
After discontinuing irinotecan, 11 patients (21%) received the subsequent chemotherapies: taxanes in 5 patients, a fluoropyrimidine plus platinum in 3 patients, a fluoropyrimidine alone in 2 patients, and a fluoropyrimidine plus paclitaxel in 1 patient.
Response and survival
Responses were evaluated in 32 patients (62%) who had measurable lesions. One patient achieved a partial response and 6 patients showed stable disease, resulting in a RR of 3% and a DCR of 22% (Table 2) . After a median follow-up period of 4.8 months for survivors (range, 0.3-21.1 months), median PFS was 2.3 months (95% CI, 1.8-2.8), and median OS was 4.0 months (95% CI, 2.5-5.5) (Fig. 1) .
Toxicity
The hematological and nonhematological adverse events associated with irinotecan treatment are listed in Table 3 . The most common grade 3 or higher hematological toxicity was neutropenia (27%), followed by anemia (19%). Grade 3 or higher nonhematological toxicities included anorexia (12%), diarrhea (6%), and nausea (4%). Febrile neutropenia developed in 6 patients (12%). Two patients (4%) died of disease progression within 30 days of the last administration of irinotecan. There were no treatment-related deaths.
Relationship between UGT1A1 gene polymorphism and adverse events Among 52 patients, 33 patients were tested for uridine diphosphate-glucuronosyltransferase (UGT) 1A1 gene polymorphism as a risk factor for severe adverse events. We classified the genotype of UGT1A1 into three types according to the combination of UGT1A1*6 and UGT1A1*28 genes: wild-type group (*1/*1), heterozygous group (*28/*1 and *6/*1), and homozygous/double heterozygous group (*28/*28, *6/*6, and *28/*6). The frequencies of those genotypes were 52% (n = 17), 42% (n = 14), and 6% (n = 2), respectively. Grade 3 or 4 neutropenia occurred in 12% (2/17), 21% (3/14), and 100% (2/2) of patients in each group, and febrile neutropenia developed in 6% (1/17), 21% (3/14), and 100% (2/2), respectively (Table 4) .
Univariate analysis for independent prognostic factors
Univariate analyses for prognostic factors of OS are shown in Table 5 . Risk factors for low OS were ECOG PS 2 (P = 0.003), serum albumin level less than 3.5 g/dl (P \ 0.001), three or more metastatic sites (P = 0.001), and a duration of less than 12.9 months between the start of first-line and the start of third-line chemotherapy (P = 0.003).
Discussion
Despite the lack of evidence showing a survival benefit of third-line chemotherapy for advanced gastric cancer compared with best supportive care, third-line chemotherapy has been used in 15-30% of patients in Korean studies and in 72-90% of patients in Japanese phase III trials [15, [20] [21] [22] . The addition of salvage chemotherapy to best supportive care improved OS (HR = 0.81; 95% CI, 0.450-1.464) in advanced gastric cancer patients who had received two or more prior chemotherapies [11] .
Other retrospective analyses of third-line chemotherapy in advanced gastric cancer have reported median PFS of 1.9-3.5 months, median OS of 3.6-6.9 months, an overall RR of 5.9-23.2%, and a DCR of 39.1-65.9% [21] [22] [23] [24] [25] [26] . Shimoyama et al. [23] evaluated third-line weekly paclitaxel in 85 patients with advanced gastric cancer who were refractory to fluoropyrimidines, irinotecan, and cisplatin. The median PFS and OS were 3.5 and 6.6 months, respectively, and the overall RR was 23.2%. In another study by Kang et al. using irinotecan combined with 5-fluorouracil and leucovorin as third-line therapy in 158 patients, the median PFS and OS were 2.1 and 5.6 months, respectively, and the overall RR was 9.6% [24] . The present study demonstrates that the RR and DCR were as low as 3% and 22%, respectively, and median OS was 4.0 months (95% CI, 2.5-5.5) in 52 patients who were refractory or intolerant to previous treatment with fluoropyrimidines, platinum, and taxanes. These results appear to be inferior to the RR and OS rates of previous studies [21] [22] [23] [24] [25] [26] . Because impaired bowel passage and ascites caused by peritoneal metastasis are known to induce severe toxicity to irinotecan, patients with a poor condition such 
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as peritoneal metastasis were included in this study and required an initial dose reduction. Nevertheless, irinotecan monotherapy as the second-line chemotherapy produced an RR of 13.6% and median PFS of 2.3 months in the WJOG4007 trial. Therefore, PFS was similar in the present study to that in the WJOG4007 trial. Shim et al. reported on the prognostic factors affecting poor survival following third-line chemotherapy. Poor PS (ECOG PS C2), low serum albumin (\4.0 g/dl), poor histological grade, and a shorter duration of second-line chemotherapy (\2.7 months) were factors related to poor survival outcomes [22] . Another clinical trial demonstrated that poor PS (ECOG PS C2), an increased number of metastatic organs (C3), and a short time duration between first-line and third-line chemotherapy (10.9 months) were independent factors for poor prognosis in multivariate analysis [11] . In this study, ECOG PS 0-1, the number of metastatic sites (1-2), serum albumin level (3.5 g/dl or more), and duration from first-line to third-line chemotherapy (at least 12.9 months) were associated with prolonged OS in univariate analysis. These findings suggest that a good PS is the most important prognostic factor for third-line chemotherapy, as demonstrated for secondline treatment [20, [27] [28] [29] [30] . By restricting analysis to patients who fulfilled the following clinical conditions (PS 0-1, \3 metastatic sites, serum albumin C3.5 g/dl, and C12.9 months between first-and third-line chemotherapy, the median PFS and OS were 3.1 and 9.1 months, respectively. In contrast, patients with at least one risk factor had a median PFS and OS of 2.0 and 3.4 months, respectively. This finding suggests that patients should be carefully selected for third-line chemotherapy for advanced gastric cancer.
In the present study, the most frequent grade 3-4 hematological toxicities caused by irinotecan were neutropenia (27%) and anemia (19%), with 12% developing febrile neutropenia. The most common grade 3-4 nonhematological toxicities were anorexia (12%), diarrhea (6%), and nausea (4%). Although patients had been previously heavily treated with two regimens, these incidences of grade 3-4 toxicities were not very different from those in previous studies of irinotecan as second-line treatment [10, 11, 15] , thus highlighting the feasibility of irinotecan as third-line treatment. However, because many of patients in this study received a reduced dose of irinotecan, it is suggested that the appropriate dose of irinotecan should be based on the patient's condition. Furthermore, we also evaluated the adverse events according to UGT1A1 gene polymorphism. UGT1A1 has an important function in the metabolism of irinotecan. Several studies suggested that UGT1A1*6 and *28 genotypes were associated with a increase in the occurrence of adverse events such as neutropenia in irinotecan chemotherapy [31] [32] [33] . Although in this study there were only two patients in the homozygous/double-heterozygous group, which is a risk factor for severe adverse events, both these patients had grade 3-4 neutropenia and febrile neutropenia. These results might imply that administration of irinotecan as third-line treatment for advanced gastric cancer patients with homozygous or double-heterozygous type should be withdrawn in terms of safety and efficacy.
There are several limitations to this study. First, it was performed retrospectively, with the initial dose of irinotecan determined by each physician's judgment. About half of all patients (48%) initially received reduced doses of irinotecan from the first cycle, and 27% of patients received only one cycle of irinotecan as a third-line treatment, possibly because of the inclusion of patients in poor MST median survival time, HR hazard ratio, PS performance status general condition such as peritoneal metastasis. Second, toxicity may have been underestimated because of the inherent characteristics of the retrospective design. Third, a small sample size from a single-center study is an obvious limitation.
In conclusion, irinotecan appeared to be feasible, but only showed modest efficacy for advanced gastric cancer refractory to fluoropyrimidines, platinum, and taxanes. Therefore, irinotecan monotherapy as the third-line treatment should be carefully indicated in patients with a good PS of 0 or 1.
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